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INTRODUCTION. 
For  a  clear  understanding  of the  changes  to be described  in  the 
series  of  Actinosphceria, the  study  of  which  forms  the  basis  of 
this communication,  it is necessary to give a  description of a normal 
Actinosphcerium and  a  resum6  of  Richard  Hertwig's  work  on  the 
physiological  degeneration  of  this  animal. 
In  life,  a  normal  Actinosphcerium is  a  spherical  cell  with  num- 
erous  radially  projecting  pseudopodia,  regularly  distributed  over 
the  surface,  and  each  with  a  homogeneous  axis  fiber.  The  proto- 
plasm  is  sharply  divided  into  a  coarsely  vacuolated  cortical  layer, 
which  contains  the  contractile  vacuoles  and  through  which  the 
base~ of the axis fibers of the pseudopodia run;  and  an  inner,  more 
finely  vacuolated  protoplasm,  the  medulla,  in  which  lie  the  nuclei 
and the food vacuoles.  The nuclei are situated chiefly in the periph- 
eral  layer  of  the  medulla,  just  beneath  the  cortex;  but  a  few 
nuclei  are  scattered  in  the deeper parts  of the medulla.  The  nun> 
bet  of  nuclei  varies  with  the  size  of  the  animal.  According  to 
R.  Hertwig,  the  nuclei,  under  normal  conditions,  vary  from  IO  to 
14  ~  in  diameter,  aim  are  surrounded  by a  distinct  nuclear  mem- 
brane,  and  contain  nuclear  sap  and  an  achromatic  linin  frame- 
work~ on which  lie the nucleolar  substance and  the chromatin.  He 
regards  the  nucleolar  substance  as  identical  with  the  material  of 
which  the nucleoli  Of the tissue cells  of metazoa  consists.  Accord- 
ing  to  Hertwig,  in  the  simplest,  but  least  common  conditions,  as 
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in  functional rest and  just before division, the nucleolar substance 
is  mixed with  the chromatin  into  a  spherical  nucleolus  or  amphi- 
nucleolus.  Usually, the material of the amphinucleolus is  divided, 
either into two or more small nucleoli, or into dendritically branch- 
ing  processes,  which  radiate  from  the  center  to  the  periphery 
and  lie  on  the  nuclear  framework.  The  latter  arrangement  is 
an  indication  of  energetic nuclear  function.  He  describes  nuclei 
with  divided  amphinufleolus,  in  which  there  is  a  separation  of 
nucleolar substance  and chromatin.  In these, the chromatin seeks 
the  peripheral  ends  of  the  processes,  so  that  the  center  of  the 
figure, which he calls  the chromatin rosette, appears  light. 
In his work on the physiological degeneration of Aclin.osphcerium 
eichorni,  Richard  Hertwig  ('o4)  described  a  series  of  important 
changes affecting the structures of this  rhizopod which shed much 
light  upon  both  the  physiology  and  the  pathology  of  the  cell. 
These  may be  summarized as  follows: 
(a)  Chromidium.--In  I9o2 ,  he  first  noticed  the  presence  in 
the  plasma  of  Actinosphwrium  of  fine  or  coarse  granules,  rods, 
or  even  triangular  and  slightly  branched  bodies,  with  the  stain- 
ing  reactions  of  the  amphinucleolus  and  consisting  of  a  mixture 
of  chromatin  and  nucleolar  substance.  These  masses,  the  origin 
of which Hertwig traced to  the nucleus, lie both  on the plasmatic 
meshwork and in the vacuoles of the same,  and  were called chro- 
midia.  They occur chiefly in  the medulla,  but  may be  present in 
the cortex.  They may be present in starved, as well as in overfed, 
Actinosphceria.  Hertwig draws  an  important  distinction  between 
the chromidia above mentioned  and  the  "Chromidialnetz"  which 
he  had  previously described  in  the  Thalomorphora;  the  latter  he 
regards  as  the  chief  seat  of  the  functional  capacity  of  the  cell, 
and  the  former he considers  superabundant  functionless  parts  of 
the  nucleus  which  are  thrown  off  to  be  got  rid  of,  just  as  the 
chromidia of egg cells.  It  is  necessary to  emphasize here the dis- 
tinction  between chromidia  in  this  sense  and  the  functionally ac- 
tive  forms of extranuelear chromatin known variously as  "Chro- 
midia,"  "Chromidialnetz"  and  "Chromidialapparatus,"  which,  as 
R.  Hertwig,  Schaudinn and Goldschmidt have shown, play an im- 
portant r6le in many protozoan and metazoan cells. William  T.  Howard.  209 
(b )  Pigment Formatio~z.--This occurs in Actinosphcerium  under 
various  conditions in which a  considerable amount of nuclear ma- 
terial is destroyed, as just before encysting and in starved cultures. 
The  highest  degree  of  pigmentation  occurs  in  the  depression  of 
overfeeding,  in  connection with  marked production  of  chromidia. 
The pigment, which Hertwig has traced to the destruction of chro- 
matin, is  of a yellowish brown color, and consists of fine refractile 
particles,  which  may  be  isolated  or  in  smaller  or  larger  clumps 
in  the medulla and  cortex.  The pigment granules  often lie about 
the nuclei.  They often beset the peripheral layer of the cortex, from 
which they are extruded.  They may also  lie  in  sequestra,  which 
may be thrown out. 
(c)  Destruction  of  Nuclei.--Of  this  Hertwig  describes  three. 
types.  (I)  Simultaneous  solution  of  all  the  nuclei  to  chromidia. 
(2)  The  transformation  of  one  or  a  few  nuclei  to  giant  nuclei, 
which  may  be  thrown  out,  while  the  rest  of  the  nuclei  are  dis- 
solved.  (3)  The  extrusion  of  the  whole medulla with  its  nuclei. 
I.  The  transformation  of  all  the  nuclei  to  chromidia  with  the. 
disappearance of the other  nuclear constituents  was  observed first 
in  three  animals  in  an  encysting  culture;  in  the  place  of  nuclei 
they  were  beset  with  chromidia.  Hertwig  explained  the  phe- 
nomenon  as  due  to  excessive  development  on  the  part  of  the 
protoplasm  of  its  normal  capacity  to  destroy nuclei  when  encyst- 
ing.  Under  normal  conditions,  in  encysting ,4ctinosphceria,  only 
from ninety to  ninety-five per cent.  of all  the nuclei are dissolved, 
while in these animals all the nuclei were destroyed. 
In  his  overfeeding experiments  also,  he  produced  "chromidial 
animals"  with  solution  of  nuclei.  In  this 
the changes on the basis  of his  well known 
theory." 
z.  The  formation of  giant  nuclei  occurs 
associated  with  overfeeding.  The  animals 
instance,  he explained 
"Kern-plasma-relation 
during  the  depression 
are  the  seat  of  other 
changes,  such  as  the  loss  of  pseudopodia  and  of  the  distinction 
between  cortex  and  medulla.  The  giant  nuclei,  which  are  dis- 
cernible  in  the  living  animal,  may  reach  the  diameter  of  196 t~. 
The giant nuclei are surrounded by a  radiating zone of fine gran- 
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Giant  nuclear  animals  die  in  a  few  days,  but before death  one  or 
more of these nuclei  may be thrown  off.  In  stained  preparations, 
giant  nuclei  show  a  separation  of  the  chromatin  containing  nu- 
clear  mass  and  the  chromatin  free  portions;  the  latter  form  one 
or  two  round  fluid-containing  vesicular  bodies  which  lie  in  the 
chromatin  rosette. 
Then  the nucleoli  increase in size,  become vesicular,  and  take on 
a  reticulated appearance.  With the growth of the nucleolar bodies, 
the  nuclear  reticulum  is  pushed  to  the  periphery  and  disappears. 
The  remains  of  the  chromatin  rosette  are  condensed;  if  there  are 
two nucleolar bodies, the chromatin  lies between them,  if only one, 
the chromatin mass is compressed at one side, giving the appearance 
of  a  signet-ring.  Rarely,  the  chromatin  rosette  is  absorbed  dur- 
ing the growth  of  the nucleus,  leaving  the  nucleolar  body without 
a  chromatin  rosette.  The  nuclei  may  increase  in  size  from  the 
usual  diameter  of  IO  to  14/*  to  7 °  or  even  196/*  ,  and  thus  in 
a  few  days  the  nuclear  mass  may  be  increased  by  from  125  to 
3,ooo times.  The  fusion of nuclei plays ilo  part  in  the production 
of giant nuclei.  The chief cause is  a  growth of the  nucleolar  sub- 
stance.  Deep depression does not ahvays end  in giant  nucleus  for- 
marion;  it  occurs  most  often  after  depressions  at  the  termination 
of  which  the Actillosphccria have  been  able  to  nmltiply  for  weeks 
and  months.  Hertwig  regards  the  giant  nucleus  formation  in 
Actinosphcerium  as  the  result  of  a  series  of  changes  which  lead 
to  the  growth  of  the  nuclei  at  the  cost  of  the  protoplasm.  The 
growth  of  nuclei  has,  then,  increased  for  so  long,  that  finally 
their  growth  intensity  renders  a  normal  course  of  life  processes 
impossible, and death results.  The formation of giant nuclei would 
be favored, therefore, bv excessive cell function. 
3.  Hyperplasia and hypertrophy of nuclei occurred in a depressed 
culture  of  Actbzosphccria,  containing  a  few  animals  with  giant 
nuclei;  most of the animals  were of small or of medium  size,  with 
numerous psendopodia and well defined cortex and medulla.  These 
animals  showed  an  enormously  increased  nnml)er  of  abnorlnallv 
small  nuclei  (from  one-half  to  three-fourths  the  normal  size). 
Otherwise  they had  the  usual  structure  of Acti,zoslhccriitm  nuclei. 
This  condition  coincided  with  a  period  of  excessive  feeding  and William  T.  Howard.  211. 
active  multiplication,  and  during  a  whole  month  (April)  the 
animals  were characterized  by the  great  number  and  the smallness 
of their  nuclei. 
This  period  was  followed by one  in  which  the  nuclei  were  in- 
creased in size, with their chromatin divided into branching strands. 
These  "hypertrophied"  nuclei differ  from the  giant  nuclei in  their 
smaller  size  and  in  the  absence  of  such  great  changes  in  the  nu- 
clear  structure. 
Besides  the  "hypertrophied"  nuclei  these  Actinosphceria con- 
tain  recently  divided nuclei  and  nuclei  of more or less normal  size 
and  structure.  The "hypertrophied" nuclei  are often oval in  form 
and,  in  diameter,  measure  in  the  whole  animal,  from  21  to  35/~, 
rarely 40 ix. 
In  some  of  these  nuclei  the  chromatin  is  spread  out  over  the 
whole nuclear  network--hyperchromatic  nuclei.  In others,  numer- 
ous  chromatic  nucleoli  with  short  radiating  processes  lie  on  the 
reticulum.  In  the  third  type  there  are  nmnerous  sharply  circum- 
scribed  vacuolated  chromatic  nucleoli.  Transition  stages  are  dis- 
tinguishable,  from  nuclei  with  a  few  chromatic  vesicles,  to  nuclei 
with  a  single  large  vacuolated  nucleolus. 
The  nuclear  framework  varies  from  a  fine  webbed,  delicate, 
granular  network  t.o  one  with  coarse,  homogeneous  meshes.  The 
nuclear  meshwork  is  always  sharply  separated  from  the  surround- 
ing  plasma  by a  membranelike  thickening  which  is  a  further  dis- 
tinction  between the  "hypertrophied"  and  the  "giant"  nucleus. 
Hertwig also describes chromatin-free  nuclei,  which usually con- 
tain  a  central  achromatic  nucleolus.  The  chrolnatin  of  these  nu- 
clei has degenerated  and  the  nuclear  framework becomes gradually 
shrunken. 
The protoplasm  of Actinospha'ria with hypertrophied nuclei may 
be  covered,  in  the  living  animal,  with  fat  drops.  In  fixed  and 
stained  animals,  it  is  purple  or  brown,  owing  to  the  presence  of 
very  finely  divided  chromatin.  Chromidia  are  absent.  Not  in- 
frequently,  the nuclei are  in  sausage-like  strings.  Finally,  it often 
happens  that  parts  of  such  animals  may  become  necrotic  and  be 
cast  off  as  brown  multinuclear  masses. 
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trophied"  nuclei  may  divide  and  may  also  play  a  part  in  the 
functions  of  the  animal;  they may also  become reduced  to  small 
nuclei. 
In  these  Actinosphceria,  depressed  by  overfeeding  over  long 
periods  of  time,  in  cultures  under  observation  for  months,  R. 
Hertwig  has  described  a  remarkable  series  of  changes  in  struc- 
ture,  comprising  shrinking,  fusion  and  disappearance  of  pseudo- 
podia,  loss  of  distinction  between cortex  and  medulla,  chromidia 
and pigment formation, the presence of fat, the occurrence of areas 
of necrosis, the extrusion of nuclei, the degeneration of nuclei,  as 
well  as  various  modifications  in  the  size,  number  and  structure 
of the nuclei. 
In  these  cultures  there  were  periods  of  great  depression,  fol- 
lowed by  intervals  of  regeneration of  more  or  less  great  degree, 
as  shown  by  return,  more  or  less  complete,  to  normal  structure. 
ttertwig  lays  stress  upon  the  fact  that  these  various  phenomena 
are associated with changes of the nuclear apparatus,  the  basis  af 
which is  " an  increase of  the nuclear substance  at  the  expense  of 
the  protoplasm,"  a  condition  which  occurs  in  connection  with 
periods  of  excessive  overfeeding  and  which  must  be  referred  to 
the increased capacity to  assimilate  food.  Thus,  both  hyperplasia 
and  hypertrophy  of  nuclei  results  from  increased  functional  ac- 
tivity.  According  to  Hertwig's  ('o4)  view,  the  nuclear  mass 
of a  cell increases in amount by taking substances  from the proto- 
plasm,  which has  the power of splitting  up  substances  suitable  for 
the formation of secretions and which are taken up into the nucleus. 
As  long  as  the  movement  of  substances  from  the  protoplasm 
to  the nucleus is  in  the ascendency, the existence of the nucleus is 
assured;  while  a  preponderance  in  the  passage  of  materials  from 
the nuclei leads to  a  partial  or total  dissolution of these structures. 
The  nuclear  hypertrophy  may  be  brought  about  by  overgrowth 
or fusion of nuclei; and the increase of nucleolar substances  is  the 
chief factor in the enlargement of the nuclei. 
It is  evident that  in  these degenerative changes  described by  R. 
I-Iertwig in Actinospha'ria depressed by overfeeding, the equilibrium 
between  nuclear  mass  and  protoplasm  is  markedly disturbed  and 
that  there  must  exist  a  struggle  for  ascendency between  the  two 
forces which under normal conditions work in co6peration. William  T.  Howard.  213 
This  leads  to  his  " Kernplasmarelation "  theory,, according  to 
which,  " for each cell there exists  a  definite size-relation of nuclear 
mass  to  cell mass,  which may be  represented by the  formula  K/P 
(nuclear mass divided by protoplasm mass)"  ('o3).  As the varia- 
tions  of the " Kernplasmarelation "  depend, above all,  upon the as- 
similation capacity of the cell and upon cell division, he distinguishes 
a  functional and a  division growth of the nucleus.  It is  the func- 
tional  growth  of  the  nuclear mass  which  concerns  us  here.  His 
studies  on  protozoa  have  led  R.  Hertwig  ('o3)  to  the conclusion 
that  the  " Kernplasmarelation "  underlies  not  only periodic  modi- 
fications  brought  about  by  the  ordinary processes  of  life,  but  that 
under certain influences, it may experience more lasting changes. 
These  influences are:  (I)  uninterrupted  function,  (2)  hunger, 
(3)  change of temperature. 
The  marked  effects of  these  influences upon  the  " Kernplasma- 
relation "  Hertwig  and  his  pupils  have  denlonstrated  by  experi- 
ments not only upon Actinosphcerium, Paramoecium,  Dileptus gigas 
and Fro~#onia, but upon the egg cells of various metazoa. 
Hertwig's view of the influence of temperature upon the " Kern- 
plasmarelation,"  has  been  confirmed  by  the  interesting  work  of 
I-I.  Marcus  ('o6)  on  the  fertilized  eggs  of  £trougylocentrotus 
li~'id,s.  Marcus developed the eggs at 9 °  C.,  19 °  C.  and 22 °  C., 
and found that, in the blastula stage, the nuclei of those bred in the 
cold  were  distinctly  larger  in  proportion  to  the  protoplasm  than 
of those bred  at  the higher temperatures. 
Returning to Actinosphcerium, it has been shown that the " Kern- 
plasmarelation "  is  distinctly  disturbed  in  hunger,  in  overfeeding 
and in encysting; in hunger by decrease in the protoplasm, in over- 
feeding  by  the  functional  increase  of  the  nuclear  mass;  and  in 
encysting by an increase on the part of the protoplasm of its prop- 
erty of dissolving nuclei. 
SPECIAL  PART. 
The  Actinosphceria  upon  which  the  following  observations  are 
based  were taken by  Professor Hertwig from his  "B "  culture at 
various times from February 4 until May 6,  19o7 . 
Professor  Hertwig  furnishes  me  with  the  following  notes  of 
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overfed.  "  From the  fourteenth  to  the  thirty-first  day of January 
there  was  enormous  multiplication  and  feeding.  The  animals 
stopped  feeding  from  January  31  till  February  3,  when  feeding 
was  resumed  for  a  day,  then  there  was  no  more  feeding  until 
February  I~.  On  February  I6  the  animals  were  feeding  enor- 
mously  and  there  was  nmch  plasmogamy.  On  February  19  the 
culture  showed  many  small  food-free  animals.  After  this  there 
was  heavy  feeding,  with  increase  in  the  size  of  the  animals  and 
plasmogamy  until  March  3.  On  March  II  and  ~3  they  were 
feeding  less.  Then  until  March  27  there  was  enormous  feeding, 
with  clumping.  From  March  _08  till  April  3  there  was  decreased 
feeding. 
"  On  April  6  the  animals  were  in  marked  depression.  On  the 
eighth  and  eleventh  day of April,  they were  feeding heavily again. 
Then,  there  followed a  period  of heavy  feeding  which  lasted  until 
April  25 .  On April  27  the  animals  stopped  feeding and  there  oc- 
curred  a  period  of  marked  depression,  during  which  many  of  the 
animals  died.  There  was no  encysting.  From  May  I  to  May 4 
there  was  intermittent  feeding.  The  culture  died  out on  May 6." 
The  work  assigned  me  was  the  accurate  and  detailed  study  of 
the changes present in animals taken at various stages of the culture 
by  Professor  Hertwig.  These  animals,  with  the  exception  of  a 
few  which  were  received  alive,  were  fixed  with  picro-acetic  and 
stained  with boraxcarmine  by Professor Hertwig,  and  given  to me 
mounted  in clove oil. 
Descriptions  and  sketches were first made  of the  whole animals, 
which  were  then  embedded  in  paraffin  and  sections  cut  at  7.5/*. 
The conditions to which  they were submitted  were kept as uniform 
as possible. 
For  most  of  the  organisms,  the  carmine  stain  was  followed by 
either  weak  Delafield's  h~ematoxylin,  or  hy  Heidenhain's  iron 
hamatoxylin.  On  the  whole,  the  most  satisfactory  results  were 
obtained  in  sections  very  lightly  stained  with  Delafield's  hanaa- 
toxylin. 
The  material  is  best  presented,  perhaps,  in  groups  arranged  ac- 
cording  to  the  months,  from  February  to  May  inclusive,  in  which 
the  animals  were  taken  from  the  culture.  In  February,  animals William  T.  Howard.  ,'2I~ 
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were taken on the fourth, ninth, eighteenth and twenty-sixth.  Dur- 
ing most of this time, the culture was in depression. 
The first animal, received alive February 4,  was of medium size, 
had  a  few  very  much  thickened,  blunt,  short  pseudopodia,  and 
showed  no  demarcation between  cortex  and  medulla,  and  no  evi- 
dence of feeding.  In stained preparations, studied both before and 
after sectioning, the cortex  and medulla were  fused,  the  spaces  of 
the protoplasmic meshwork were small and thickened.  The nuclei 
were very much increased in  number,  and  somewhat in  size  (13. 5 
to  15/*  in  diameter).  The  chromatin  was  in  large  irregular 
masses, usually connected by coarser or finer bands, forming rosettes 
and  occasionally  horse-shoe  shaped  forms.  There  were  neither 
chromidia nor pigment.  There was no evidence of nuclear fusion 
or of division.  The second aninlal, which had on the fourth shown 
in  the  culture the  same  naked  eye appearances  of  degeneration as 
the first,  was  killed  on  February 9-  During  this  interval  of  five 
days it showed evidences of recovery  (regeneration or restoration). 
When  killed  it  had  short  thick  pseudopodia.  In  sections,  the 
cortex  was  of normal width,  well  marked  from  the  medulla,  with 
a  meshwork  of  nornaal  size  and  appearance.  The  protoplasmic 
meshwork of the medulla was  condensed and  in  the  center  of  the 
animal  it  was  thickened by  the  presence  of  a  finely granular  ma- 
terial.  The  nuclei  were  but  slightly  in  excess  of  the  normaI 
number  and  were  confined  to  the  medulla.  They  were  large-- 
15  to  16. 5/~  in  diameter.  The  chromatic  substance  lay  either  in 
a  single round or oval mass or  in several  round masses of unequaI 
size,  and  near  the  center.  The  nuclear  framework  and  nuclear 
membranes  were  distinct.  Occasional  degenerated  nuclei  without 
chromatin  were  seen.  Some  of  the  nucleoli  were  vacuolated. 
There  was  no  fusion,  division  or  overlapping  of  nuclei.  A  few 
scattered  chromidia  lay  in  the  lnedulla,  but  there  was  absence  of 
pigment.  There was no evidence of feeding.  This  animal, com- 
pared with the first, showed distinct evidences of regeneration after 
a  severe depression; it had developed pseudopodia, reestablished its 
cortical  layer,  and  reduced  the  number  of  its  nuclei.  It  was  ab- 
normal,  however,  in  having  hyperplasia,  hypertrophy  and  degen- 
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On  February  I8  two  animals  were  killed.  They  were  both 
large, long, oval in shape, with a  few short, thick, blunt pseudopodia. 
Sections of the larger of the two showed a  fairly well-defined cortex 
of very irregular  width,  and a  close, condensed alveolar  meshwork, 
which  was  covered with  fine granular  plasma,  and,  at  the  extreme 
border,  about  the  whole  circumference,  beset  with  fine  yellowish 
brown  pigment  granules.  The  cortex  contained  no  nuclei  and  no 
chromidia.  The  medulla,  which  contained  two partly  degenerated 
Steutors,  was  of  a  wide  alveolar  meshwork,  which  was  covered, 
especially  about  the  nuclei,  with  finely  granular  material  and  here 
and there with pigment granules.  There  were a  moderate  number 
of round, oval and irregular  chromidia,  lying, usually, about nuclei, 
and  often connected with nuclear naembranes. 
The  nuclei,  which  measured  from  i2.  to  I3. 5 I*.  in  diameter, 
were  considerably  increased  in  number  and  were  hyperchromatic. 
The  chromatin  was  occasionally  in  round,  solid,  central  masses, 
but  in  most  nuclei  it  was  scattered  in  large  round  or  oval  deeply 
staining  masses,  which  were  sometimes  separated  and  sometimes 
connected by thinner  branches  of chromatic material.  The nuclear 
meshwork was often obscured by these large masses.  When visible, 
the nuclear meshwork was wide meshed and of uneven size.  There 
was no vacuolization  of nucleoli. 
The other animal  showed the same changes,  except the chromidia 
were not  so numerous.  It  contained  no  food material. 
The  last  animal  of  this  group  was  killed  on  February  _o6.  It 
was  actively  feeding,  of medium  size,  oval in  outline,  and  without 
pseudopodia.  The  cortex was well defined  from  the  medulla,  and 
contained  several  large  vacuoles.  In  the  whole  animal,  the  nuclei 
appeared  very numerous  and  chromatin  rich,  while throughout  the 
medulla great quantities of large and small,  round,  oval and  irregu- 
larly shaped chromidial  masses were present. 
In  sections  the  cortex  was narrow  and  in  places  fused  with  the 
medulla.  The  meshwork  was  condensed,  invaded  by  nuclei  and 
beset with chromidia  and a  few pigment  granules.  The  medullary 
meshwork was close set,  the  walls  of the alveolar  spaces thick  and 
in  many  places  crowded  with  chromidia.  The  latter  appeared 
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triangular  branched masses.  Here and there,  also, it was in coarse 
vacuolated  fibrils.  These  chromidial  masses  were  often  grouped 
about  the  nuclei  and  many  were  directly  continuous  with  the 
chromatic substance of the  nuclei. 
The  nuclei,  which  varied  in  diameter  from  12  to  13. 5 ~,  were 
decidedly increased  in  number  and  were  intensely  hyperchromatic. 
There  were two  general  types  of  nuclei;  one,  the  most  numerous, 
with  the  chromatic  substance  in  large  irregularly  shaped  masses 
connected  by  bridges  of  the  same  substance,  the  other,  with  the 
chromatic  material  scattered  in  small  round  or  oval,  irregular 
masses.  The  chromatic  material,  or  nucleoli,  rarely  lay  in  the 
centers  of the  nuclei.  The  nuclear  framework  was  fine  and  gran- 
ular.  The  nuclear  membranes  were in  general  distinct,  but,  about 
some nuclei, they were absent in whole or part.  The evidence that 
the  chromidia  arose  from  the  nuclear  chromatin  was  convincing, 
for  a  direct  continuity  between  masses  of  intranuclear  chromatin 
and  these  extranuclear  chromatin  bodies  could  be  traced. 
The  second  group  comprised  a  series  of  eleven  animals  taken 
from  the  culture  on  the  first,  third,  fourth,  sixth,  seventh,  tenth, 
eleventh  and  thirteenth  of  March. 
The  animals  of the first and  third  of  March  were of large  size, 
feeding,  with  well-defined  cortical  layers,  and  rather  numerous 
hyperchomatic  nuclei  of  normal  size.  The  first  contained  no 
chromidia  and  but  little  pigment.  As  Professor  Hertwig  sug- 
gested, this animal  probably marked  recovery after depression. 
The  two  animals  taken  on  March  4  were  of  mediunl  size,  not 
feeding  and  showed  marked  signs  of  depression,  as  evidenced  by 
narrowing  and  condensation  of  the  cortex,  marked  chromidia  and 
piglnent formation, and hyperplasia and hypertrophy of nuclei. 
In sections the narrowed  and  thickened  cortex was studded  with 
fine  refractile,  yellowish  brown  pigment  granules;  the  alveolar 
meshwork of the medulla was thickened by the presence of a  homo- 
geneous  plasma  and  contained  great  numbers  of  chromidia  and 
pigment granules.  The nuclei varied  from  lO. 5 to  16. 5 i* in  diam- 
eter,  and  were  situated  in  the  cortex  as  well  as  in  the  medulla. 
The  chromatin  was usually in  the  form of large  irregular  rosettes. 
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the membranes  were absent in whole or in part,  with disintegration 
of  the  nuclear  substance  (see  Fig.  14).  Many  nuclei  touched  at 
their  borders,  and  overlapping  of  nuclei  was  frequent.  Some  of 
the  large  oval  nuclei  were  evidently  examples  of  fusion  of  two 
nuclei  (see Fig. 3). 
Chromidia  were  abundant  and  were  usually  grouped  about  the 
nuclei,  and  in many instances  a  direct continuity between them  and 
nuclear  chromatin  could be traced  (see Figs.  I  and  z).  They oc- 
curred  as  small  round  or  oval,  large,  irregular,  vacuolated  nlasses 
and as chromidial networks. 
The  organism  was  extremely  rich  in  pigment,  which  was  so 
thickly  placed  over  one-fourth  the  body  as  completely  to  obscure 
the  protoplasm.  Over  the  rest  of the  animal,  the  pigment  was  in 
single,  scattered  or  in  clumped,  granules.  It  was  often  in  an 
intimate  relation  to  the chromidia.  In  this  animal  pigment  gran- 
ules,  identical  in  appearance  with  those  in  the  plasma,  were  found 
in  the  lmclei.  They  were  scattered  over  the  nuclear  meshwork 
near  or  on  the  chromatic  substance,  and  were most  often  found  in 
markedly  hyperchromatic  nuclei  from  which  chromidia  were  pro- 
jecting  (see  Figs.  I  and  2).  The  animal  showed  no  evidence  of 
feeding. 
Tile three  animals  of March  6  are  amongst  the  most  interestil~g 
of  the  series.  They  all  showed  narrowing  of  the  cortex,  which 
was  invaded  by  nuclei;  there  was  hyperplasia,  hypertrophy  and 
hyperchromatism  of  the  nuclei,  marked  chromidia  and  pigment 
formation,  with  condensation  and  thickening  of  the  protoplasmic 
meshwork.  In  one  of  these  animals,  which  showed  the  largest 
amount  of chromidia  of any  of the  series,  the  thickened,  narrowed 
nucleus-containing  cortex  was  beset  with  fine  highly  refractile 
yellowish  brown  pigment  granules.  The  protoplasmic  meshwork 
of the  medulla  was obscured in  many areas  by chromidia  and  pig- 
ment.  The  chromidia  were enormously abundant  and,  frequently, 
were covered and  surrounded  by larger  and  smaller  clumps  of pig- 
ment  granules  (see  Figs.  6  and  7).  The  nuclei,  which  were 
hypertrophied  (from  13. 5  to  15 b~  in  diameter),  were  remarkably 
hyperchromatic,  and  chromidia  were  pouring  out  from  them  in 
large  quantities  (see  Figs.  4  and  7).  Many mlclei  contained  pig- William  T.  Howard.  219 
merit granules.  Overlapping of  neighboring nuclei  (Fig.  4)  was 
frequent, but  no  examples  of true  fusion of nuclei  were observed. 
There  were  a  few  dissolving  nuclei,  with  the  nuclear  membrane 
partly  or  completely  absent  and  the  chromatic  material  in  small 
clumps.  The animal was not feeding. 
The  animal  of  March  7,  also  not  feeding,  showed  the  same 
changes  described  for  those of  March 6.  The  pigment was  even 
more  abundant,  the  granules  being  not  only  scattered  over  the 
protoplasmic  meshwork and  about  the  nuclei,  but  often  occurring 
in large clumps, usually in a  nest of disintegrating chromidia. 
Many nuclei  contained pigment  grannies.  Vacuolization of  the 
nucleoli was  common.  Two  other  forms of  nuclear degeneration 
were noted, shrivelling of nuclei  and  disintegration of the nuclear 
membrane,  in  whole  or  in  part,  with  the  escape  of  the  nuclear 
contents  into  the  protoplasm.  Several  striking  examples  of  nu- 
clear  fusion  were  observed  (Fig.  3). 
The  animals  of  March  IO  and  I I  were  of  medium  size,  not 
feeding  and  contained  no  chromidia;  only  one  showed  pigment. 
There was nuclear hyperplasia, hypertrophy and hyperchromatism. 
The  nuclei  varied  from  15  to  I8~  in  diameter.  Touching,  over- 
lapping and apparent  fusion of nuclei were common. 
The  last  animal  of  the  series,  killed  March  I3,  was  compara- 
tively  small,  and  had  a  few  short  thick  pseudopodia  and  a  very 
thin and narrow meshed cortex.  The nuclei were smaller and less 
numerous  than  in  the  other  animals  of  this  series.  The  nuclei 
were confined to the medulla and were not hyperchromatic.  There 
were  a  moderate  number  of  chromidia  and  no  pigment.  The 
animal was  not  feeding. 
The third group consisted of a  series of twelve animals killed on 
sixth,  seventh,  eighth,  tenth,  and  eleventh  of  April.  They  were, 
with  two  exceptions,  small. 
Two animals were killed on April  6.  The first was  of medium 
size,  contained  no  pigment  and  no  food.  The  demarcation  be- 
tween medulla and cortex was distinct.  The meshwork of the latter 
was  wide and contained well marked vacuoles.  The  protoplasmic 
meshwork of the medulla was of normal size, except in the center, 
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area  and  about the nuclei,  was covered with  homogeneous  or very 
finely  granular  achromatic  material.  A  few  small  round  or  oval 
chromidia  were  about  some  of  the  nuclei.  In  the  spaces  of  the 
protoplasmic  meshwork,  there  were  large  numbers  of  free  vacuo- 
lated  nucleoli  (Fig.  Io),  from  ten  to  fifteen  being  counted  in  a 
single  section. 
The  nuclei  were  markedly  increased  in  number,  but  were  re- 
markably  small,  measuring  from  7.5  to  IO. 5 ~  in  diameter..  They 
were  often  crowded  together  in  clumps,  of  two,  three,  four  or 
more,  their  membranes  touching  over  a  small  area.  Overlapping 
of nuclei  was common  (Figs.  8  and  9).  There  was  no  fusion  of 
nuclei and no division figures were to be found.  The nuclei varied 
markedly  in  their  chromatin  content,  some being  markedly  hyper- 
and  others  markedly  hypochromatic.  In  the  former  the  chro- 
matic material  was usually in  irregularly  shaped branching  rosettes 
and  was  often  beset  with  one  or  more  large  or  small  vacuoles. 
In  the  latter,  the  chromatic  substance  was  usually  in  small  round 
or  oval  scattered  masses,  often  near  the  nuclear  membrane.  In 
some of these hypochromatic nuclei, the chromatin lay partly within 
and  partly  without  the  nuclear  membrane.  In  one  such  nucleus, 
the  nuclear  membrane  was  lacking  for  about  one-fourth  the  cir- 
cumference.  Some nuclei  contained  no chromatin  and  others  only 
a  few fine particles. 
A  common  change  in  the  nucleoli  was  vacuolization,  which  af- 
fected small  as  well  as  large  chromatin  masses.  In  the  large  nu- 
cleoli,  the  vacuoles  were  large  and  ring-shaped,  and  frequently  a 
number  of  smaller  vacuoles  were  grouped  about  a  large  central 
vacuole.  In  many nuclei,  large vacuolated  nucleoli  were separated 
from  the achromatic  substance and  in  various  stages  of extrusion. 
Some  of  these  bodies  lay  just  outside  the  nuclear  membrane.  It 
is  possible  that  these  appearances  were  mechanically  produced  by 
the  microtome knife. 
Undoubtedly the most common change by which the large vacuo- 
lated  nucleoli  were set  free  in  the protoplasm  was  by the  dissolu- 
tion of the nuclear  membrane and  the achromatic  nuclear  material. 
All  the  steps  of  this  process  could be readily  traced. 
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uolated masses in the protoplasm, was seen best in sections stained 
with iron h~ematoxylin.  This change was characterized by shrivel- 
ling and  condensation of the  nuclei, with  the  accumulation of the 
chromatic material about the condensed nuclear membrane, and by 
hyaline  degeneration  and  vacuolization  of  the  achromatic  nuclear 
material.  The vacuolated body resulting from these changes could 
be  distinguished  from  the  typical,  free  lying,  vacuolated  nucleoli, 
by the presence in  the  former  of  a  group  of  smaller  vacuoles  or 
of hyaline nuclear substance  lying within  the chromatic ring  (see 
Figs.  17  and  I8).  In the typical vacuolated nucleoli, the vacuoles 
appeared  as  empty  spaces  in  the  chromatic  substance.  Fig.  I8 
shows  an  interesting  example  of  hyaline  degeneration  of  the 
nuclear framework. 
The  second  animal  showed  the  same  changes  described  in  the 
first.  The  only  special  difference between  the  two  animals  was 
the greater number of nuclei and the smaller number of  free vac- 
uolated nucleoli in the second. 
This animal was  infested with great numbers  of small  (8.2 5  to 
II.2 5~  in  diameter)  closely packed,  hyperchromatic nuclei.  They 
showed  to  a  less  marked  degree  "the same  changes  described  in 
the first.  The animal  showed no  evidences of  feeding. 
On  April  7,  two  medium sized  animals  which  were  fused  over 
a  portion of their cortices were killed.  They both  contained small 
food vacuoles, were without pseudopodia  and had  narrow but  dis- 
tinct cortices,  the  meshwork of which was  small  but  not specially 
thickened.  In  sections  they  were  nearly  identical  in  structure. 
The  protoplasmic  meshwork  of  the  medulla  was  relatively  wide, 
except  in  the  center where it  was  condensed.  In  general  it  was 
covered  with  finely  granular,  achromatic  material.  There  was 
entire  absence of  both  pigment  and  chromidia.  The  nuclei  were 
very numerous  and  relatively small,  varying from 8.2 5  to  II.2 5/~ 
in  diameter.  They were,  for  the  most  part,  hyperchromatic, the 
chromatic  material  being  usually  in  large  masses  or  rosettes. 
Nuclei with finely divided chromatic material were uncommon.  In 
most nuclei the chromatic material was  vacuolated.  Some showed 
the  large  vacuolated  chromatic  nucleoli  described  in  the  animals 
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membranes  were  distinct.  There  were  a  number  of  nuclei  in 
various  stages  of  dissolution,  with  loss  of  the  nuclear  membrane 
and  disintegration  of  the  reticulum,  as  described  in  previous 
animals; such nuclei had vacuolated nucleoli, and this was evidently 
one  of  the  processes  leading to  the  presence  of  vacuolated  nuclei 
in  the plasma.  Another change  resulting in  such  free  vacuolated 
nucleoli was  the shrinkage and concentration of nuclei  in  associa- 
tion with hyaline change of  the  nuclear  framework, as  previously 
described.  The  result  was  the  formation of  hollow,  spherical  or 
bizarre shaped shells of deeply staining chromatic material, enclos- 
ing  one  or  more  large  vacuolar  spaces  and  sonaetimes  studded 
with smaller vacuoles  (see  Figs.  19  to  25).  One of these masses 
of  vacuolated  nucleolar  material  measured  25~  in  length  (giant 
vacuolated  nucleolus,  see  Fig.  25).  A  common  shape  for  the 
smaller  masses  was  that  of  a  signet-ring.  Some  of  these  free 
vacuolated  bodies  were  evidently  due  to  the  extrusion  of  a  vac- 
uolated nucleolus before  disintegration of the  rest  of  the  nucleus. 
The  three  animals  of  April  8  were  small,  but  actively feeding. 
Two had a  few short blunt pseudopodia.  The cortex was  narrow 
but  well defined from the medulla.  They contained no  chromidia, 
pigment,  or  free vacuolated nucleoli.  The  nuclei  were  distinctly, 
though not greatly, increased in number, and were hyperchromatic. 
They varied  from 9  to  13. 5 ~ in diameter.  The nuclear chromatin 
was  arranged  either  in  large  loosely  formed  rosettes  or  in  small 
scattered  masses.  There  were  no  evidences  of  lmclear  division, 
fusion or dissolution. 
On  April  IO,  three  more  animals  were  killed.  They  were  all 
actively  feeding  and  had  a  few  short,  stout,  blunt  pseudopodia. 
Their  protoplasm  was  of  normal  structure  and  contained  neither 
chromidia nor pigment.  The nuclei were distinctly over-numerous 
and were hyperchromatic.  They varied widely in size  (from 9  to 
15/* in diameter) ; the smaller type of nuclei outnumbered the large. 
Of  the  animals  killed  on  April  I I,  two  agreed  in  all  respects 
with  those  of  the  tenth.  The  third  had  a  distinctly  increased 
number  of  large  (I 5  to  ~8t* in  diameter)  hyperchromatic nuclei. 
The  nucleoli  were  often  vacuolated. 
The  last  group  consisted  of  ten  animals  which  were  killed  be- 
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Three  animals  killed  May  I  were small,  round,  actively feeding, 
and  had  a  few  short  twisted  pseudopodia,  a  well  defined  and  de- 
veloped  cortical  layer  containing  large  vacuoles.  The  medullary 
meshwork  was  of  unequal  size  and  beset  with  large  and  small 
chromidia,  which often showed vacuolization.  The  over-numerous 
and  vacuolated  hyperchromatie  nuclei  varied  from  lO. 5  to  I3.5/* 
in  diameter.  There  was  no  evidence  of  fusion,  division  or  dis- 
solution  of  nuclei.  Pigment  was  absent  in  two.  In  one  animal 
which  was  especially  rich  in  chromidia,  the  latter  were  usually 
covered and  always surrounded  by innumerable,  very fine  dust-like 
particles  of  chromatic  material,  which  obscured  the  protoplasmic 
meshwork.  This  deeply staining  "chromatin  dust"  was quite dis- 
tinct  from the highly  refractile yellowish brown pigment  granules, 
which  were also present  in  small  numbers. 
The  animals  of  May 2,  3  and  4  were  in  all  respects  similar  to 
those of May  I. 
The animal killed on May 5 was shrivelled and distorted in shape. 
The  abnormally  wide  cortex  contained  large  irregular  vacuolar 
spaces,  separated  by a  coarse protoplasmic  framework.  The  outer 
layer  of  the  cortex  was  covered  over  wide  areas  with  a  deeply 
staining  homogeneous material--dissolved  chromatin. 
The  relatively  small  medulla  consisted  of  a  very  wide  and  ir- 
regular  sized meshwork,  the coarse strands  of which  were covered 
with  finely  granular  achromatic  material  and  with  "chromatin 
dust."  There was a  considerable number of large and  small  chro- 
midia,  but  no  pigment.  The  nuclei  were  hyperchromatic,  with  a 
coarse  reticulum  and  vacuolization  of  the  nucleoli.  The  nuclei 
measured  i2/,  in  diameter. 
The  last  animal  of  the  group  and  of  the  study,  for  the  culture 
died  out  on  this  day,  was  killed  on  May  6.  It  presented  a  very 
peculiar  appearance.  In  the  whole animal,  the  outlines  were  very 
irregular  and  no  separation  between  cortex  and  medulla  could  be 
discerned.  When stained with borax-carmine,  the animal presented 
a  granular non-staining  outer layer and an inner irregularly shaped, 
granular  diffusely  staining  mass,  which  formed  the  bulk  of  the 
organism.  In  sections,  there  was  no  distinction  between  cortex 
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dissolved chromatin and large vacuolated chromidia.  Only an oc- 
casional nucleus could be  found.  One which was measured had a 
diameter of  lO. St*. 
The progress and interrelations of the various changes observed 
in  these  "depressed"  Aclinosphceria, the methods  adopted  by the 
animals  to  readjust  themselves  and  the  successive  stages  in  the 
finally unsuccessful struggle can be, perhaps, presented best by con- 
trasting the appearances met with in the various groups. 
The culture sprung  from Actinosphceria which had been caught 
at the beginning of winter.  The animals at that time showed to a 
high  degree the capacity  for  encysting, which was  gradually lost, 
so that animals exposed to warmth no longer formed normal cysts. 
Some of the animals perished at this  time  from the  formation of 
giant  nuclei.  My  material  sprang  from  animals  which  had  sur- 
vived this  period. 
The animals of February and March, after a prolonged and only 
occasionally  interrupted  period  of  overfeeding,  showed  profound 
depression,  marked  at  times  by  distinct  and  often  well  marked 
signs of restoration.  Their protoplasm was degenerated to a  more 
or  less  marked  degree.  There was  a  variable amount  of  nuclear 
hyperplasia,  hypertrophy  and  hyperchromatism.  The  animal  of 
February  26  and  most  of  those  in  March  showed  large  amounts 
of chromidia and often pigmentation.  Throughout, there was dis- 
solution of nuclei, and, in the later animals,  fusion and shrivelling 
of nuclei,  and often vacuolization of nucleoli. 
In  the April group,  after another period  of  heavy  feeding, the 
animals  were in almost all  respects,  except for some of the modes 
of nuclear degeneration, quite different from those of the previous 
series.  The  chief  characteristics  of  the  animals  of  April  6  and 
7  were the great  number of  relatively small  nuclei  (from  7.5  to 
lO.5 t~ and 8.25 to  I I. 5/z in diameter) and the occurrence of shrink- 
age, hyaline degeneration, and dissolution of nuclei,  with the vae- 
uolization  of  nucleoli,  rather  than  the  formation  of  chromidia, 
as  the modes of  reduction of  excessive nuclear substances. 
That  these  degenerative  methods  of  reduction  of  nuclear  sub- 
stances may be effective is shown by the great differences presented 
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were  feeding actively;  their  nuclei,  while  usually  over-numerous, 
were greatly reduced in number, and the general appearance of the 
animals  was  less  abnormal.  The  nuclei  were,  however,  both 
hypertrophied and hyperchromatic, due probably to the heavy over- 
feeding.  In the last animal of the April group the nuclei reached 
a  diameter of  18t*. 
From  the  eleventh to  the  twenty-fifth of  April  the  culture  fed 
heavily, and on the twenty-seventh the animals were again markedly 
depressed. 
The  animals  taken on the first two  days  of  May were  feeding, 
the  cortical  layers  were  fairly  well  developed.  The  nuclei  were 
of full size  (lO. 5 to  13. 5/* in diameter), decidedly hyperchromatic 
and  over-numerous.  The  nueleoli were often vacuolated, but  dis- 
solution  of  nuclei  and  free  nucleoli  were not  seen.  There  were, 
however,  enormous  numbers  of  chromidia  and  much  " chromatin 
dust."  Some of the animals contained pigment. 
The animals of May 3  and 4  were small, without  food, and had 
relatively large nuclei and a somewhat smaller number of chromidia, 
The  animal  on  May  5  was  shrivelled  and  distorted,  with  rela- 
tively little medulla, and the cortex contained a considerable amount 
of  homogeneous  dissolved  chromatin.  Otherwise  it  resembled 
those of the two previous days. 
In the animal of May 6,  the protoplasm was  markedly degener- 
ated and distorted,  and but  few nuclei could be recognized. 
Reviewing the whole material,  it  is  seen  that,  during the entire 
period covered by these observations, the animals  showed not only 
a  hyperplasia  of  nuclear  substances,  but  evidences  of  profound 
changes in the structure of the protoplasm.  It  will be noted that 
typical  giant  nuclei  were  not  present  (the  period  for  this  having 
passed)  and  that  the  hypertrophied nuclei of this  culture  did  not 
reach  the  extreme size  obtained  by  those  of  Professor  Hertwig's 
19o2 culture.  I  have designated as  "hypertrophied nuclei "  those 
nuclei which exceeded the extreme limit  (14 t~)  which he gives for 
normal  nuclei.  While  there  were  times  when  the  nuclear  mass 
was  reduced  considerably  and  when  the  protoplasm  approached 
its normal structure, organisms with normal nuclei in normal proto- 
plasm  were  not  observed;  the  "Kernplasmarelation" was  never 
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With the exception of giant nuclei, the necrosis of parts of proto- 
plasm,  fat  and  the  transformation  of all  the  nuclei  to  chromidia, 
all the nuclear and protoplasmic changes described by  R.  Hertwig 
('o4)  in  Actinosphceria depressed  by  overfeeding  and  prolonged 
culture,  were  observed  in  the  series  of  animals  described  in  the 
present comnmnication.  In regard to the absence of fat, it should 
be stated that most of the animals had been fixed and stained  (and 
therefore  treated  with  alcohol)  before  they were  received by  me. 
In addition to confirming R.  Hertwig's previous observations in 
most  particulars,  three  new  points  were  established  in  regard  to 
Actinosphceria  depressed  by  prolonged  overfeeding,  namely,  the 
occurrence of pigment granules  in  hyperchromatic nuclei;  hyaline 
degeneration of the nuclear reticulum leading to the  formation of 
shrunken,  vacuolated  nuclei  which  in  some  respects  resemble  the 
free vacuolated nucleoli of R. Hertwig; and, finally, the fact that in 
Actinosphceria with  large  hyperchromatic nuclei,  the  reduction  of 
nuclear mass is accomplished mainly by the extrusion of nucleolar 
substance  and  chromatin  as  chromidia  (chromidiosis),  while  in 
animals with great numbers of relatively small nuclei, this is effected 
chiefly by  shrinking,  dissolution  and  various  other  degenerations 
of nuclei. 
GENERAL  PART. 
It  remains  now  to  interpret  these  various  nuclear  and  proto- 
plasmic changes in the light of recent knowledge and to point out 
their  relation  to  certain  aspects  of  the  general  physiology  and 
pathology of the cell. 
In regard to the increase of the nuclear mass, it was both actual 
and relative.  With R. Hertwig  ('o4)  I  can recognize three forms 
of increase of the nuclear mass, (I)  the enlargement of single nuclei, 
(2)  increase in the number of nuclei and (3)  increase in the number 
and size of nuclei. 
As previously stated,  in the present series  of Actinosphceria the 
time for the formation of giant nuclei was  passed  and the hyper- 
trophied nuclei did not reach the size attained in Professor Hertwig's 
i9o2  culture--21  to  35/*.  One possible explanation  is  that  most 
of my measurements were  made of nuclei  in  sections,  which had 
been  treated  with  xylol.  Some  of  the  nuclei  exceeded  I8/*  in William  T.  IIoward.  227 
diameter.  All  of  the  animals,  however,  had  an  excess  of nuclear 
material,  in  the  shape  of  either  a  markedly  excessive  number  of 
small or large nuclei or of a less marked excess of large nuclei.  The 
protoplasm,  whether  of  large  or  of  small  animals,  always  showed 
more  or  less  well  marked  structural  changes  and  was  relatively 
small in proportion to the nuclear mass. 
R. Hertwig has pointed out that  this  increase in the nuclear mass 
must  be  due  to  increased  functional  activity  associated  with  the 
continuous  overfeeding  and  the  resulting  overnutrition.  He  has 
suggested  the  same  explanation  for  the  large  nuclei  of  carcinoma 
and  sarcoma  cells  and  of  certain  cells  in  inflammatory  processes. 
The  nuclear  hyperplasia  in  depressed  Actiuosph¢rict  must,  of 
course,  be effected by mitosis,  and  it  is  not unlikely that  the  func- 
tional  growth  (hypertrophy)  may  produce  in  R.  Hertwig's  sense 
sufficient  " Kernplasma  tension"  to  start  nuclear  division.  There 
is  absolutely  no  evidence  that  the  chromidia  of  depressed  Acti- 
nospl~eria  ever  give  rise  to  new  nuclei  corresponding  to  the  sec- 
ondary  nuclei  of  the  Thalamorphora  arising  from  the  "  Chromi- 
dialnetz." 
R.  Hertwig  ('o4)  regards  the  occurrence of nuclear  hyperplasia 
in  depressed Actinosphceria  as  a  good  sign,  for  such  animals  may 
assimilate  and  multiply  enormously,  while  most  giant  nuclear  ani- 
mals die.  The division of the nuclear materials  into multiple small 
masses  would,  he  thinks,  afford  better  conditions  for  carrying  on 
the  life processes. 
The  formation  of chromidia  and  most,  if not all,  of the  various 
forms of nuclear degeneration  described in these animals,  are to be 
looked  upon  as  the  results  of  the  use of  physiological  means,  for, 
to  a  considerable  degree,  the  same  processes  occur  in  encysting 
Actinosphceria,  in  which  the  number  of  the  nuclei  is  reduced  nor- 
mally  to  an  astonishing  extent.  Chromidia  may  occur  in  normal 
animals  and  in  the  encysting process a  great  number  of chromidia 
are  extruded  from  the  nuclei  in  the  cysts,  though  most  of  the 
reduction  in  the  number  of  nuclei  occurring  before  encysting  is 
accomplished by absorption of nuclei rather than by dissolution into 
chromidia.  As in the processes leading up to encysting,  so in these 
depressed  animals,  abnormally  stocked  with  nuclear  materials,  the 228  Physiological Dege~eration of Actinosphcerium Eichorni. 
protoplasm  exerts  its  power  of  destroying the  nuclei  in  order  to 
re~stablish the " Kernplasmarelation." 
I have stated already, that there is no evidence that the chromidia 
of depressed Actinosphceria possess  a  propagatory  function  in  the 
sense of Schaudinn and Goldschmidt  ('04),  i.  e., they do not  form 
new nuclei.  According to Goldschmidt's  ('04)  interesting theory, 
these chromidia represent excessive somatic chromatin needed and 
used by the animals to  assist  in  the active function which they are 
carrying on. 
Against  this  view  are  the  facts  that  the  greatest  number  of 
chromidia are not present in the more actively feeding animals and 
that the chromidia break up into pigment.  In favor of his theory, 
however, is  the fact that,  when the nuclei are large and  relatively 
less  numerous  in  feeding depressed  Actinosphccria,  chromidia  are 
much more plentiful than  in  animals  with  great numbers of small 
nuclei.  That  normal Actinosphceria  form chromidia during  func- 
tional  activity cannot be  denied.  It  is  possible  that  in  depressed 
Actinosphceria  the  existence  of  two  kinds  of  chromidia  is  to  be 
recognized, one highly functioning,  somatic  in  type, and the other 
formed in the efforts of the animal to reduce its surplus of nuclear 
substances and destined to be got rid of. 
The  formation of pigment from nuclear material is  of great in- 
terest.  R.  ttertwig  ('o2)  first  suggested  that  the  pigment  of 
melano-sarcoma cells is  formed from chromatin extruded from the 
nucleus in an effort of the cell to reduce its nuclear mass  and thus 
to  reorganize itself.  Later  ('o4)  he described the transformation 
of chromidia to  pigment and recognized the possibility  of the  de- 
velopment of pigment from the nucleus, and called attention to the 
fact  that  the  two  agents  (cellular  activity  and  cold)  which  best 
effect relative enlargement of the nuclear mass also produce condi- 
tions  most  favorable  for  pigment  formation.  He  referred,  of 
course, to autochtonous iron free pigment. 
R.  Hertwig's  pupil  Roessle  ('o5)  has  traced,  in  the  cells  of 
melano-sarcoma, the wandering of nucleolar substance  from nuclei 
over-rich  in  this  material  and  its  transformation  into  pigment  in 
the protoplasm.  Roessle suggested that the pigment  formation of 
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logical, is produced in the same way as the pigment of Actinosphw- 
rium  and  showed  that,  as  far  as  micro-chemical  methods  go,  the 
pigments  of Actinosphcerhtm,  melano-sarcmna  and  brown  atrophy 
appear  to  be  identical,  and  are  iron  free.  Meirowitz-Grandenz 
('o7) ,  studying  pigment  formation  in  the  skin  after  exposure  to 
the Finsen light, was able to trace the development (;f pigment  from 
nucleolar  substance,  both  in  the  nucleus  and  in  the  protoplasm. 
The  same  processes  were  evident  in  the  Actinosphceria  described 
by me. 
Through  the courtesy of my friend,  Dr.  H.  Marcus,  I  have  ob- 
served pigment granules  in the nuclei of pigmented  epidermal  ceils 
in  his  sections  of  Professor  Brauer's  Hypogeophis  rostratus  ma- 
terial. 
The  nuclear  degenerations  present  in  these  Actinosphwria  have 
much  in  common  with  those  which  occur  in  various  pathological 
processes  in  the  higher  animals,  and,  as  R.  Hertwig  has  shown, 
bear  a  striking  similarity  to  some  of  the  nuclear  degenerations 
described  by  Pianese  in  carcinoma  and  erroneously  interpreted  as 
parasites  by various  authors.  This  is  especially  true  of  the  vac- 
uolization  of  nucleoli  and  the  hyaline  degeneration  of  nuclei  met 
with  in  the present  series  of animals. 
The  condition  of  the  protoplasm  in  many  of  these  overfed Ac- 
tinosphceria  was  as  abnormal  as  that  of  the  nuclei.  There  was 
loss or degeneration  of pseudopodia,  fusion of cortex and  medulla, 
loss  of vacuoles,  condensation  and  shrivelling  of  the  protoplasmic 
meshwork,  and,  in  R.  Hertwig's previous series, necrosis of proto- 
plasm  and  the presence of  fat.  To  what  causes are  these changes 
to  be assigned?  In  the  present  state  of  our knowledge  it  is  im- 
possible  to  explain  them  satisfactorily.  It  seems,  probable,  how- 
ever, that  the exhaustion  of overwork in digestion  and  in breaking 
down  nuclei,  the  loss  of  materials  to  the  ever-growing  nuclei  and 
the  intoxication  from  retained  metabolic  products  are  among  the 
factors  concerned. 
In  conclusion,  I  take  this  opportunity  to  express  my  heartiest 
thanks  to  Professor Hertwig,  not only  for his  material,  his  super- 
vision and many suggestions in this work, but for many kindnesses 
extended to me in  his  institute. 
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EXPLANATION  OF  PLATES  XVI-X/X. 
The  drawings  were  made  with  the  aid  of  a  camera  lucida,  under  Leitz  r/Ia 
oil immersion  objective, ocular  3,  tube  length  16o  ram. 
FIGS.  I  and  2.  Hyperchromatic  nuclei  giving  off  chromidia,  containing  pig- 
ment  granules,  and  surrounded  by chromidia  and  pigment.  Animal  of  March  4. 
FIG.  3.  Hyperchromatic  nuclei;  fusion of two  nuclei.  Animal of  March  7. 
Fro.  4.  Small  portion  of  periphery  of  animal  of  March  6.  Note  fusion  of 
cortex and  medulla,  overlapping of nuclei,  chromidia  and  pigment. 
FIG.  5.  Large  hyperchromatic  nucleus,  probably  the  result  of  tusion  of  two 
nuclei.  Animal of  March  3. 
FIG.  6.  Condensation  of  protoplasm,  intense  chromidiosis,  with  large  central 
clump of pigment granules. 
FIG.  7-  A  large  nucleus  surrounded  by  chromidia  and  pigment  granules. 
FIc. 8.  Small area  of medulla  of animal  of April 6,  showing marked  nuclear 
hyperplasia.  Note that  the nuclei  are  small  and  touch  at  their  borders. 
FIG.  9.  Overlapping of two  small  nuclei.  Animal  of  April 6. 
FIG.  10.  A  free  vacuolated  nucleolus  between  two  small  nuclei.  Animal  of 
April 6. 
FIcs.  1I  and  I2.  Nuclei with vacuolated nucleoli.  Animals  of April 6  and  7. 
Fins.  I3  and  I4.  Stages  of  dissolution  of nucleoli.  Animals  of  March  4  and 
April  7. 
Fins.  I5  and  ~6.  Shrunken  nuclei.  Animals  of  March  4  and  April  6. 
Fins.  17  and  18.  Hyaline  degeneration  and  vacuolization  of  nuclei.  Animals 
of April 6  and  7- 
Fins.  19  to  25.  Types  of  vacuolated  nucleoli  lying  free  in  the  protoplasm. 
Animal of April 7. 
All the photographs  (Figs. 26-28)  are taken  at  the  same magnification =- )< IOO. 
Fro.  26.  Photograph  of  section  of  normal  Actinosphccrium.  Note  the  wide 
cortex  and  the  number  and  distribution  of the nuclei. 
Fie,.  27.  Photograph  of section of a  depressed  Actinosphcerium.  Note  hyper- 
plasia,  hypertrophy  and  hyperchromatism  of the  nuclei,  condensation  of  the  pro- 
toplasmic  meshwork  and  the  presence  of  chromidia.  Animal  of  March  6. 
FIG. 28.  Photograph  of section of a  depressed Actinosphxrium  during a period 
of active overfeeding.  Note the numerous  vacuoles and  marked  hyperplasia  and 
hyperchromatism  of the  nuclei.  Auimal of April 7. 
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